The increasing complexity and numbers of interventional fluoroscopy procedures have led to increasing patient doses of radiation and to increasing concern over staff doses. Hybrid rooms incorporate multiple imaging modalities and are used by multidisciplinary teams in interventional fluoroscopy suites and operating theaters. These rooms present additional radiation protection challenges. The new low annual exposure limit for the lens of the eye also requires specific measures to prevent cataracts in operators. The traditional attitude of radiation protection must be changed to one of proactive management of radiation dose and image quality. Incorporation of a comprehensive dose management program into the departmental quality assurance program is now essential. Physicians, radiographers, and medical physicists play an essential role in the safe use of fluoroscopy in medical practice. Efficient use of all imaging modalities (e.g., fluoroscopy, digital subtraction angiography, cone-beam CT) requires knowledge of the effects of different equipment settings on patient and staff doses as well as the skill and competence to optimize these settings for each procedure and patient. Updates and recommendations on radiation protection and dose management programs, including aspects of education and training, are presented.
Introduction
The increasing use of minimally invasive, image-guided interventional procedures in medical practice is due to the demonstrated benefits of these procedures. Interventionalists-interventional radiologists, interventional cardiologists, and vascular surgeons, among others-use fluoroscopy during image-guided interventional procedures performed for the diagnosis and treatment of disease. Because these procedures use ionizing radiation for imaging and guidance, both the patient and medical staff receive radiation exposure. These procedures can often result in high radiation doses to patients and staff.
Interventionalists are very much aware of possible procedure-related complications and do their utmost to prevent them. They carefully plan each interventional procedure. This includes consulting with the referring physician, providing a detailed explanation of the procedure and its benefits and risks to the patient, and obtaining informed consent. This planning is part of the daily routine, but typically it does not include specific aspects of radiation dose management for the patient and radiation protection for the staff [1] . The recent increased emphasis on radiation safety, an essential component of safety for these procedures, has reaffirmed the need for better training and advice on radiation dose management [2] [3] [4] [5] . Procedure planning should integrate radiation dose management, with the goal of an efficient and optimal use of radiation. Radiation management should become an integral part of routine procedure planning, performance, and postprocedural follow-up. In support of this goal, the Cardiovascular and Interventional Society of Europe (CIRSE) has established a permanent Radiation Protection subcommittee with four main tasks: (1) provide internal and external consultation on radiation safety measures in interventional radiology (IR), (2) coordinate CIRSE activities relating to radiation protection, (3) represent CIRSE in international research consortia dealing with radiation protection, and (4) evaluate documents received by CIRSE dealing with radiation protection.
Dose management principles apply not only to patients but also to staff. The International Commission on Radiological Protection (ICRP) and the new European directive on Basic Safety Standards (still in development) include staff radiological risk as part of the justification and optimization of medical exposures [6] [7] [8] . The CIRSE subcommittee on radiation protection also has a role in the justification of imaging in IR. It is primarily concerned with image-guided interventional procedures, rather than purely diagnostic imaging.
Complex image-guided procedures require extensive expertise and awareness of each small detail [9, 10] . The leader must orchestrate the team and the procedure and must give radiation safety measures the same importance as every other safety issue. Decisive leadership and coordination of each and every procedure will ultimately result in shorter procedure times, shorter fluoroscopy times, and optimized radiation use.
Patient Radiation Dose Management

Dose Recording
The Society of Interventional Radiology (SIR) Standards of Practice Committee in North America recently published a document entitled ''Quality Improvement Guidelines for Recording Patient Radiation Dose in the Medical Record for Fluoroscopically Guided Procedures'' [11] . The document states that ideally all available patient radiation dose data should be recorded and recognizes that in the future this may become an automatic process, as the US Food and Drug Administration has expressed an intention to establish requirements for CT and fluoroscopic devices to provide radiation dose information for use in patient medical records or a radiation dose registry. The guideline suggests adequate recording of different dose metrics for all interventional procedures requiring fluoroscopy, including skin dose mapping. It also suggests the establishment of thresholds to prompt reviews.
European regulations and guidelines suggest that patient doses from interventional procedures should be measured and recorded as part of the quality assurance programs. In some European countries, this measurement and recording is mandatory, and in the upcoming European Directive on basic safety standards [8] , this requirement will probably be included as one of the articles in the directive.
In the past, patient dosimetry in IR was performed with a small sample of procedures to calculate mean or median values of different dosimetric quantities as part of the clinical audit and to compare with the diagnostic reference levels.
With the introduction of digital systems, it is easy to collect and archive dosimetric and demographic data from the imaging procedures, either separately or together with the images, as part of the Digital Imaging and Communication in Medicine (DICOM) headers or in other DICOM services, such as the Modality Performed Procedure Step (MPPS) and the Radiation Dose Structured Report (RDSR) [10] . The advantages of these DICOM services include the ability to process data from all procedures instead of only a small sample, automation of the process, and the inclusion of other data from the procedures (e.g., C-arm angulations and distances) in addition to dosimetric parameters. This automatic collection of a complete data set will provide information necessary to help determine whether a patient should be included in the follow-up protocol for potential skin injuries.
Dose Management Techniques
State-of-the-art interventional fluoroscopy systems allow virtually unlimited fluoroscopy time and have the capability to perform digital subtraction angiography (DSA), road mapping, rotational angiography, and cone-beam CT. These systems provide many imaging options, but all use ionizing radiation. Intelligent use of these imaging options provides better imaging of normal and abnormal anatomy and better guidance for interventions. Better imaging and accurate guidance in turn can improve the interventionalist's performance and shorten procedure time. Ultimately, efficient performance of the procedure leads to shorter fluoroscopy time, fewer DSA runs (with the appropriate number of images), and a reduction of radiation exposure for both patient and staff. Important basic advice is presented in Table 1 and is discussed below.
Fluoroscopy contributes a relatively small fraction of the total radiation dose, measured as kerma-area product (KAP), administered to the patient in many vascular interventional fluoroscopy procedures [4] . In two published studies, *70 % of the total KAP originated from the acquisition of radiographic frames (DSA) [12] [13] [14] . The DSA runs, usually performed for diagnosis and documentation, are responsible for about twice the radiation dose of the fluoroscopy-guided portion of the procedure. For these kinds of procedures, the overall radiation dose can be substantially reduced in recent generations of angiography systems by storing fluoroscopy loops or representative images extracted from fluoroscopy loops instead of obtaining and storing higher-quality DSA images [15] . This approach can be used in addition to standard techniques for dose saving, such as reducing the number of DSA images per run and performing DSA at a lower dose rate.
Although fluoroscopy is not the largest source of radiation exposure in IR, it is still essential to optimize radiation dose from fluoroscopy. This optimization can be achieved by setting the pulse rate and dose per pulse according to the procedure and size of the patient. New systems have a variety of options, and detailed familiarity with the system and comprehensive training are required in order to ensure that dose optimization becomes part of the operator's routine behavior. Physicians, medical physicists, and radiographers have to master the specific features of individual units.
Fluoroscopy time correlates with patient dose but is a poor predictor of the total KAP because it does not account for fluoroscopy dose rates. Typically, 1 min of fluoroscopy may result in an absorbed dose of 10-100 mGy at the patient's skin. Different beam geometries and output modes of operation also influence patient dose.
One of the major determinants of dose optimization is the training and experience of the interventionalist performing the invasive procedure. Monitoring radiation dose during the procedure can reveal unsuspected high dose rates in specific operational modes. When this is noted, another dose-saving mode can be chosen to complete the procedure safely and efficiently. These situations can be overlooked by a routine quality assurance program, so realtime monitoring by the operator or radiographer can be useful in daily practice. The radiographer can also assist by monitoring the position of the image receptor, the use of collimation, and the use of different fluoroscopy modes [16, 17] .
Effect of Newer Technologies on Patient Radiation Dose Management
Use of the newest technology does not guarantee lower radiation doses. Most interventionalists have a limited knowledge of the advanced technical features of current interventional fluoroscopy systems. A better understanding of these technologies will improve decision making when buying and using new systems [18] .
Some systems have a rotational angiography feature, which allows the production of three-dimensional angiographic images. These are used extensively in neurointerventions. Rotational angiography has the potential to reduce the number of DSA series and the volume of contrast media injected by replacing multiple oblique views [19] .
Cone-beam CT using a C-arm fluoroscopy system is available as an option on new interventional fluoroscopy equipment and requires dedicated software [20, 21] . The low-contrast resolution of cone-beam CT is closely related to the radiation dose used. Although the low-contrast resolution of these images is inferior to that of images obtained with standard CT scanners, cone-beam CT images are sufficient for most intraoperative purposes [22] . Cone-beam CT also appears to provide images adequate for arterial measurements [23] . It appears that cone-beam CT is a valuable addition for guiding certain interventions and can allow intraprocedural detection of problems and potential complications earlier, thereby potentially decreasing the need for reintervention [23] .
Kothary et al. [19] demonstrated that cone-beam CT can replace some or all DSA acquisitions, thereby decreasing the DSA-related skin dose and limiting peak skin dose. This is of particular importance in complex, lengthy procedures with high pulse rate fluoroscopy or magnification. Routine use of cone-beam CT can increase stochastic risk because of the higher total radiation dose but can decrease the deterministic risk as a result of the lower peak skin dose.
Hybrid rooms incorporate multiple imaging modalities and treatment methods into operating theaters and catheterization laboratories. Recent introduction of these rooms presents additional challenges and potential radiation . It is expected that these algorithms will permit a substantial reduction in patient radiation exposure but will provide image quality comparable to the algorithms in use today.
Occupational Dose Management
Dose Limits
Occupational dose limits are intended to limit the risk of stochastic effects to an acceptable level and to avoid deterministic effects (tissue injury). They indicate the values beyond which doses (and hence risks) would be generally considered unacceptable. Regulatory bodies require that a worker not receive occupational exposure higher than the dose limits. Because regulatory bodies also require implementation of the principle of optimization of protection, it is expected that occupational doses will be considerably lower than the dose limits.
There are two basic kinds of occupational dose limits. The first specifies occupational dose limits for specified organs or tissues. The second establishes an acceptable risk level for cancer induction and hereditary effects. Because regulations for occupational exposure cover all sources of ionizing radiation, dose limits to workers for exposure of part of the body are expressed as equivalent dose for tissue (deterministic) effects in an organ or tissue (H T ) and measured in mSv, and as effective dose (E) for stochastic effects throughout the body (also measured also in mSv, but with a different meaning). E is intended to be proportional to the risk of radiation-induced cancer and hereditary effects. Unfortunately, the SI unit for both quantities is the sievert (Sv). Readers of the regulations and the literature need to be aware of the context in any particular situation.
Current Recommendations for Occupational Dose Limits
The International Atomic Energy Agency (IAEA) and the ICRP publish recommendations for occupational dose limits [27] [28] [29] , and most countries adopt these limits. Most countries have adopted the occupational dose limits recommended by the ICRP in 1990 [6, 28] . The 1996 version of the IAEA International Basic Safety Standards states these occupational dose limits as a requirement [30] . However, the 2011 ICRP statement on tissue reactions recommends a lower equivalent dose limit for the lens of the eye. These newer recommendations have been incorporated into the 2011 interim edition of the International Basic Safety Standards [28] .
The 1996 and 2011 ICRP recommended dose limit for effective dose is 20 mSv/year, averaged over five consecutive years (100 mSv in 5 years), with no single year [50 mSv. The 1996 and 2011 ICRP recommended dose limits for the extremities (hands and feet) and the skin are an equivalent dose of 500 mSv/year. Skin dose is averaged over 1 cm 2 of the most highly irradiated area of the skin. The 1996 ICRP recommended dose limit for the lens of the eye is an equivalent dose of 150 mSv/year. However, the 2011 ICRP recommended dose limit has been decreased to 20 mSv/year, averaged over five consecutive years (100 mSv in 5 years), with no single year [50 mSv [31] .
The Lens of the Eye
The response of the lens of the eye to radiation has traditionally been considered a tissue reaction, with a threshold dose below which the effect was thought not to occur [32] . The threshold dose for detectable human lens opacities (cataracts) was considered to be 2 Gy for a single acute exposure and 5 Gy for protracted exposure. For cataract with visual impairment, the thresholds were considered to be 5 and 8 Gy, respectively [33] . More recent data from populations exposed to lower doses of radiation suggest that lens opacities occur at exposures substantially lower than 2,000 mGy [34] [35] [36] [37] [38] . Statistical analysis of the available data suggests a possible absence of a threshold dose, or if one does exist, it could be \100 mGy [38, 39] . The ICRP has recommended the use of 500 mGy as the threshold dose. Also, it appears that the latency period for radiation cataract formation is inversely related to the radiation dose [37] .
There have been reports of radiation-induced cataracts in interventionalists who have performed procedures for a number of years, and of doses to the lens of the eye approaching the previous annual limit of 150 mSv during angiographic procedures [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . Recent studies have demonstrated that if radiological protection devices are not used and radiological protection principles are not followed, the radiation dose to the lens may exceed the current threshold for tissue reactions after several years of work at typical reported interventional workloads [31, 44, 45] . Several surveys of interventional cardiologists and support staff working in catheterization laboratories in Latin America and Asia have found a high percentage of lens opacities attributable to occupational radiation exposure [45] [46] [47] [48] . These recent data, and the mechanistic uncertainties regarding cataract development, have highlighted the need for a detailed reappraisal of the radiosensitivity of the lens of the eye [49, 50] . As a result, the 2012 ICRP Statement on Tissue Reactions recommended a change in the dose limit for the lens of the eye to 20 mSv/ year (averaged over 5 years) [51] .
Pregnant Staff
Additional restrictions apply to the occupational exposure of pregnant staff [52] . Current data do not justify precluding pregnant physicians or other workers from performing procedures in the laboratory [53] . The ICRP recommends that the standard of protection for the conceptus should be broadly comparable to that provided for members of the general public [6] . ICRP recommends that after a worker has declared her pregnancy, her working conditions should ensure that the additional dose to the conceptus does not exceed about 1 mSv during the remainder of the pregnancy. Assessment of anticipated conceptus doses should be performed on the basis of current practice in the laboratory [54] [55] [56] .
Brain Tumors Among Interventionalists
Radiation is a known risk factor for brain tumors [57, 58] . The annual exposure to interventionalists' head scan can be as high as 20-30 mSv/year. The left side of the head receives approximately two times more radiation exposure than the right side [59] . Roguin et al. reported on four interventional cardiologists, all with brain malignancies in the left hemisphere, as well as five additional cases found in a literature search and thus presented data on six interventional cardiologists and three interventional radiologists who were diagnosed with brain tumors [58, 59] . A connection to occupational radiation exposure is biologically conceivable, but risk assessment is complex, and no definite conclusions are possible at present. Several studies have indicated that chronic low doses of radiation exposure can lead to significant somatic DNA damage [60, 61] . One study found that the death rate from brain cancer in radiologists was almost three times that of other medical specialists who did not use radiation [62] . Other studies reported similar dangers of occupational radiation exposure in other groups of medical workers [63, 64] . If occupational radiation exposure can cause brain tumors, the entire skull should be protected instead of the eyes alone. Fortunately, this can be achieved easily by the use of ceilingsuspended shields. These shields should be available and used routinely in every interventional fluoroscopy suite.
Techniques for Occupational Radiation Protection
The radiation dose received by interventionalists can vary by more than an order of magnitude (tenfold) for the same type of procedure and for similar patient doses [64] . This indicates that the basic concepts of occupational dose management are not always followed, and that there is substantial room for improvement in the IR practice. Proper use of the ceiling-suspended shields (typically equivalent to 0.5 mm Pb) reduces staff doses by about 2 orders of magnitude (100-fold).
Important basic advice is presented in Table 1 . Staff radiation protection process comprises passive and active components. The protective equipment in the fluoroscopy laboratory provides passive radiation protection. Active radiation protection is based on the use of this protective equipment. Active protection strategies include appropriate use of protective lead apparel (apron, thyroid collar, and protective glasses) and table as well as ceiling-suspended shields. They should always be used because they have been demonstrated to substantially reduce operator dose. Active protection strategies also include techniques to reduce patient dose. Because staff dose is almost entirely due to scatter from the patient, any methods that reduce patient dose will also reduce staff dose. Active protection strategies require the same level of attention as image quality and sterility. Active protection requires routine implementation of the dose management.
Specific challenges for interventionalists are management of the failed hemodialysis access and nonvascular (biliary and urological) interventions that require the operator to be positioned close to the irradiated area. This positioning significantly limits the use of passive protection tools such as ceiling-suspended protective shields.
Good preprocedural imaging allows proper planning of access and selection of devices, followed by safe performance of the intervention. Before many endovascular procedures, ultrasound, MR angiography, or CT should be used, if available and appropriate. Decisions on the type and size of catheters, angioplasty, balloons and stents can be based on these examinations. CT angiography has become a routine imaging method for diagnosis and localization of bleeding in trauma or gastrointestinal hemorrhage. The ability to review these images and to perform image processing in real time on workstations in the interventional fluoroscopy suite can be essential.
Recently, SIR and CIRSE published jointly developed guidelines on staff radiation protection in the journals of both societies [54] . These guidelines provide a comprehensive overview on occupational radiation protection in IR. When interventionalists use radiation protection tools properly and follow radiation protection principles, occupational doses can be reduced to only a few microsieverts per procedure. In comparison, a passenger on a commercial aviation flight receives *6 lSv during each hour of the flight [65] , and the typical minimum dose indicated by a personal dosimeter is about 100 lSv.
Real-Time Personnel Dose Monitoring
Staff, especially pregnant staff, in the procedure room during interventional fluoroscopy procedures may be exposed to high enough radiation doses to cause concern [53] . Individual real-time radiation dosimeters with central in-room visual display provide real-time radiation dose feedback and can provide alerts. They also increase staff compliance with the use of radiation protection equipment and dose reduction techniques [66] .
Education
Levels of Training
A lack of basic knowledge and awareness of radiation protection may result in performance of radiological investigations without optimization of radiation dose and without adequate attention to patient and staff protection. Special attention must be given to education and training in radiation protection for all medical and other health professionals, not only physicians. Education and training is equally important for other members of staff (e.g., radiographers) who act as the interface between patients, imaging technology, and medical specialists [67, 68] .
ICRP proposed a second level of radiation protection training for interventional radiologists and cardiologists, in addition to the training recommended for other physicians who use X-rays. This should also apply to other physicians who perform interventional fluoroscopy-guided procedures (e.g., vascular surgeons, neurosurgeons) [68] . The ICRP also recommended that nurses and other health care professionals who assist during fluoroscopic procedures should be familiar with radiation risks and precautions in order to minimize their own exposure and that of others [4] .
Interventional radiologists (IR), who usually receive first-level education in radiation protection during their clinical training, may require only second-level training. Second-level training in radiation protection and radiation dose management should become an integral part of any IR fellowship program. Interventional cardiologists (IC), vascular surgeons, and other physicians who perform interventional fluoroscopy (e.g., neurosurgeons, nephrologists) will typically require both first-and second-level training [6] . National and multinational professional societies should provide curricula and training materials for radiation safety training.
The MEDRAPET Project
Since the publication of European Union Directive 97/43 [68] (the Medical Exposure Directive, a supplementary regulation directed at the medical field derived from the EURATOM Treaty, also known as the MED Directive), several European projects have been initiated related to medical imaging in general and to radiation protection of patients and staff specifically. These projects have mainly been under the supervision of the Radiation Protection Unit of the E.U. Directorate-General for Energy.
The MEDRAPET (MEDical Radiation Protection Education and Training) consortium [69, 70] [71] .
The main rationales for the MEDRAPET project were (1) medical exposure to ionizing radiation is by far the most significant man-made source of radiation exposure to patients, (2) many health professionals still underestimate or overestimate the total radiation dose to patients, and (3) patient radiation doses during interventional procedures can be particularly high as a result of the combination of prolonged localized fluoroscopy, multiple radiographic exposures, and repeat procedures. These problems are exacerbated because many of the specialists who perform interventional procedures do not have formal education and training in radiation protection [5] . As a consequence, there are increasing concerns about radiation protection for patients and health care professionals who perform these procedures.
Bartal et al. [72] assessed the status of education and training in radiation protection using an on-line comprehensive validated questionnaire sent to IR, interventional cardiology, and vascular surgery societies. Relevant data were extracted, and the radiation protection training provided by these three specialties was compared on the basis of training in residency and fellowship. The response rates of the targeted societies in IR, interventional cardiology, and vascular surgery were 6 of 23 (26.1 %), 1 of 1, and 2 of 11 (18.2 %), respectively. Unfortunately, the number of answers for interventional cardiology and vascular surgery societies was insufficient to derive conclusions for these two groups of specialists.
There were no reports on curricula or dedicated training in radiation protection from any of the three specialties. For IR, first-level training in radiation protection is covered in about 65 % of residency programs. Interventional cardiologists and vascular surgeons have not reported such training during residency. All three specialties lack curricula and dedicated training in radiation protection for fluoroscopically guided interventions.
Medical Physicists
Medical physicists are radiation experts; the application of radiation physics in the medical field is part of their specialty. The knowledge and understanding of radiologists or even well-trained interventionalists of the physics, radiobiology, and risks of radiation and in methods of dose estimation and radiation protection is far less than the knowledge base of medical physicists. One of the ways to close this gap is by having medical physicists involved in teaching medical students about radiation risks and radiation, and cooperation in the work of the imaging departments. Unfortunately, this practice does not exist today in many countries.
Radiographers
The MEDRAPET consortium conducted a European-wide survey of radiographer's national professional societies, with responses obtained from 24 of 47 societies (51 %). The results indicated that radiographers' education and training in radiation protection was considered good or adequate. However, 70 % of the education and training programs were conducted during undergraduate education. Only a minority of the training was conducted after the radiographers entered practice [73] . Regarding the content of the education and training programs, the survey results indicate that the majority of topics recommended by the ICRP for training in radiation protection are included and delivered in theoretical and practical lessons [5, 6, 74] .
Because the complexity of fluoroscopically guided procedures is increasing dramatically, there are rapid developments in technology, increasing numbers of nonradiologist medical specialists are performing interventional fluoroscopy procedures, some of them with no education or training in radiation protection. Many of the patients being treated are extremely ill, and radiographers work in a high-stress environment. They must be trained and prepared to deal with these stresses [75] .
Medical Simulators and Patient-Specific Virtual Reality Simulation
Medical simulators can help the interventionalist improve skills in procedure performance. Simulators have proved to be efficient and safe tools for educating fellows in training, as they can rehearse procedures in an interventional laboratory environment without radiation and without the risk of a patient complication [76] . Simulators provide realistic simulation and tactile sensations of guide wires, balloons, stents, embolization coils, and more [77, 78] . They also provide simulation and display of real-time fluoroscopic images with cine, DSA, and C-arm operation [78, 79] .
Virtual reality simulation has been proposed as a means to train and objectively assess the technical performance of interventionalists. Some authors believe that procedural simulation will lead to a revolutionary change in how health care providers maintain their proficiency and skill and should be integrated into traditional curricula [75] . Significant differences have been noted between pre-and posttraining performance of procedures when using medical virtual reality simulators, with shortening of procedure and fluoroscopy time [79] . Virtual reality simulation provides a risk-free (including radiation-free) setting in which technical skills can be obtained through repetition.
Patient-specific simulated rehearsal of any complex endovascular procedure (e.g., carotid artery stenting, aortic stent graft insertion, embolization) enables the interventionalist to rehearse the details of the case by incorporating patient-specific CT data into the simulation software. Such training improves the skills of the operator and allows precise and efficient management of these complex pathologies, thus reducing procedure and fluoroscopy time and consequently the impact on the patient and staff doses [79, 80] . Randomized studies are being conducted in the United States and in Europe to validate the efficacy of patient-specific simulation and to assess possible integration of these techniques into the curriculum for endovascular training [81] .
Integration
According to the IAEA [27], the management of procedures to conserve the application of radiation is essential to minimize the risk of injury. This concept must be adapted to the wide variety of equipment and environments that are used for interventional procedures. In order to minimize radiation risk, an understanding of the limitations of the equipment and of the methods to optimize radiation delivery from the particular equipment used in the procedure is essential.
Part of this integration is to regard patient and staff radiation protection as a whole inseparable issue [82] . Staff exposure is related to patient exposure, but the correlation is not linear (e.g., a low patient dose not always means a low staff dose). Interventionists must always consider protection of the patient, but they should also consider protection of the staff.
The IAEA ''management of procedure'' concept should be developed, at the local level, through a multiprofessional approach involving the medical specialists who perform the procedure, radiographers, medical physicists, nurses, and equipment suppliers by creating written guidelines and standard operating procedures to provide guidance about the best way to deal with all the complexities involved. There are several IAEA safety guides on radiation protection and dose management [6] . However, there is little published guidance that defines the roles and responsibilities of each staff member involved in the procedure in an integrated way. ICRP and IAEA publications [4] [5] [6] [7] [8] are comprehensive and should be used as the fundamental basis for development of an integrated, multiprofessional approach to the implementation of a patient safety culture in modern health care systems.
Conclusion
The increasing complexity and widespread use of interventional fluoroscopy has led to increasing patient doses and concern over staff doses. Radiation protection processes must accommodate these changes by shifting from the traditional passive radiation protection to the integration of radiation dose management into routine IR practice. New interventional techniques and new X-ray imaging systems demand a global approach to the management of radiation risks for patients and staff. Radiographers and medical physicists play an essential role in the safe use of fluoroscopy in medical practice. They must be trained so that they can assume this role. Physicians must be educated in radiation management, trained in the intricacies of the fluoroscopy systems they use, and comfortable with the imaging protocols and operating modes. They must also be comfortable with imaging modalities that do not require ionizing radiation so that these may be substituted whenever clinically appropriate. Finally, it is expected that simulation will play an increasing role in training new practitioners and maintenance of skills for current practitioners. 
